Introduction
Directed ortho-metalation (DoM) is a powerful methodology for the functionalization of (hetero)arenes that leads to substitution patterns hardly accessible by classical aromatic substitution reactions. [1] Considering that substituted phenols are important scaffolds in pharmaceutical and fine chemicals, as well as in material science, [2] and that different phenolic derivatives display interesting biological activity, [3] a variety of Directed Metalating Groups (DMGs) have been reported for the regioselective ortholithiation of phenols.
[4] Among them, O-carbamates remain one of the most powerful ones due to the soft conditions required for their metalation, [5] and to the fact that the functionalized phenol derivatives obtained with this strategy could be subsequently released. [6] Apart from O-aryl N,N-diethyl carbamates, pioneered by Snieckus, [5a] other carbamate DMGs such as N-cumyl-Nmethyl [7] and N-isopropyl-N-trimethylsilyl [8] ones have been introduced with the advantage of an easier removal, but also with the drawback of a less straight and easy preparation compared with the parent N,N-diethyl carbamates. In addition, by combining DoM chemistry of phenols with other processes such as "halogen dance" [9] or transition-metal catalyzed coupling reactions, [10] the synthetic potential of this strategy has been considerably expanded. However, a careful control of the reaction temperature should be exerted in order to avoid spontaneous anionic Fries rearrangement, [5a] although the use of heterometalic bases such as lithium zincates has been described to suppress this carbamoyl shift even at room temperature. [11] With regard to regioselectivity issues, although the presence of a powerful DMG usually ensures o-lithiation, when an aromatic derivative possesses more than one DMG in a non-cooperative relative position (i.e. two DMGs are 1,4-or 1,2-disposed on the arene), regioisomeric aryllithiums could be generated hampering further synthetic applications. [12] However, with meta-oriented DMGs electronic effects almost always direct lithiation to the ortho position between them, although steric effects can also operate disfavoring this selectivity. [13] So, this strategy is a useful approach for accessing 1,2,3-trisubstituted aromatic compounds in a regioselective way. [14] Following our interest in organolithium chemistry, [15] we have previously described the regioselective lithiation of O-3-halophenyl N,N-diethyl carbamates at C-2 position, and its application to the synthesis of 2,3-dihalophenols, 2,3-dihaloanilines and regioselectively functionalized heterocyclic compounds such as benzo [b] furans, benzo [b] thiophenes and indoles (Scheme 1). [16] At this point we planned to study the olithiation of O-3-halophenyl N,N-diethyl carbamates bearing an additional halogen atom in their structure. However, it should be taken into account that fluorine and chlorine are also efficient DMG for aromatic lithiation [17] and moreover, substrates with two fluorine atoms in a meta relationship efficiently promote olithiation. [18] In this way, although the O-carbamoyl group is one of the most powerful DMG making the site between it and the halide more prone to deprotonation, the hydrogen atom flanked by one or, specially two fluorine atoms is highly acidic and less sterically demanding. [19] Herein, we report our results in the olithiation of O-3,n-dihalophenyl N,N-diethyl carbamates and its application to the synthesis of functionalized phenol derivatives (Scheme 1). O-3,4-difluorophenyl carbamate 1a and using a slight excess (1.3 equiv) of LDA, there was not complete lithiation at C-2, either at 78 ºC or at 65 ºC, even running the deprotonation for a longer time (4 h). The use of higher amounts of base (1.6 equiv) in order to achieve complete metalation resulted in nonselective lithiation processes as demonstrated by the formation of a mixture of monoiodinated and diiodinated carbamates after quenching with iodine. [20] Gratifyingly, we found out that these undesirable further metalations can be easily prevented by using sBuLi. The use of sBuLi (1.1 equiv) in THF from 78 to 65 ºC resulted in the regioselective and almost quantitative ortholithiation of starting carbamates 1a-f and 2a-d bearing two halide atoms in their structure (Scheme 2). After deuteriolysis of the reactions with MeOD, the corresponding 2-deuteriophenyl carbamates 1-(D) and 2-(D) could be isolated and characterized. [21] It is interesting to note that although the use of sBuLi/TMEDA (1:1 complex) constitutes the typical and more reliable conditions for o-lithiation of O-aryl carbamates and other aromatic compounds, [1, 5] Scheme 2) with iodine in order to access to 2,3,n-trihalophenol derivatives 6 and 7 possessing three different halogen atoms in their structure located at specific positions. As shown in Table 2 , high yields were generally obtained for a wide variety of O-2-iodophenyl carbamates 6 and 7. To further demonstrate the synthetic usefulness of the iodinated carbamates 6 and 7, [23] we selected iodo derivatives 6e and 7c that were smoothly transformed into the alkynyl or aryl functionalized products 8 and 9, respectively, under standard Suzuki or Sonogashira cross-coupling conditions (Scheme 3). In addition, the cyanation reaction of 6f with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) gave rise to O-2-cyanophenyl carbamate 10 in good yield. [24] As expected, the iodine atom from the polyfunctionalized starting substrates 6 or 7 was selectively reacted while the other halogen atoms remained intact (Scheme 3). Considering the importance of aryl nitriles in organic synthesis, and taking into account a recent report from Reeves and coworkers reporting the transnitrilation of aryl Grignard and lithium reagents with dimethylmalononitrile (DMMN), [25] we decided to evaluate the reaction of our ortho-lithiated carbamates with DMMN to find a more straight access to O-2-cyanophenyl carbamates such as 10. And so, when organolithium intermediates 4, derived from dihalophenyl carbamates 2, were treated with DMMN we isolated in moderate yields the new carbamates 11 that possess two different nitrile groups in their structure (Scheme 4). Their formation can be understood by considering that the initially generated cyano derivative 12 undergoes an SNAr reaction with the isobutyronitrile anion, which has been released from the initial reaction of 4 with DMMN. [26] Remarkably, a complete regioselective attack of the isobutyronitrile anion to the ortho-vs. the para-position in intermediate 12c, bearing chlorine substituents at both positions, was found in the case of starting from 3,5-dichlorophenyl carbamate 2c. However, we have not got a clear explanation for the observed regioselectivity. Interestingly, the overall process represents a 2,3-difunctionalization of the starting O-3,n-dihalophenyl carbamate (Scheme 4).
SnieckusFries Rearrangement
The anionic SnieckusFries rearrangement [5a,27] of O-aryl carbamates consists of an O→C 1,3-carbamoyl migration that, although sometimes can complicate the efficient functionalization of the corresponding intermediate organolithiums generated by the o-lithiation reaction, many times can be a useful synthetic transformation. For instance, the tandem o-lithiation / anionic SnieckusFries rearrangement sequence has been employed for accessing salicylamides [28] and arenol-based Mannich bases, [29] among other aromatic derivatives.
To study the behavior of intermediate organolithiums 3 and 4 towards the rearrangement, their solutions were allowed to warm to room temperature. After acidic workup salicylamides 13 and 14 were obtained in high yields (Table 3) . Remarkably, these regioselectively dihalo-functionalized N,N-diethyl salicylamides are new compounds with potential applications for further synthetic transformations. We have also determined the approximate temperature the rearrangement starts at. As expected, we found that organolithium intermediates 3, derived from O-3-fluorophenyl carbamates 1, are stable at higher temperatures than organolithiums 4, generated from O-3-chlorophenyl carbamates 2. Whereas 3 underwent rearrangement from ca. 30 ºC, 4 started to rearrange from ca. 60 ºC. [30] Moreover, we have also found that the synthesis of several of these N,N-diethyl dihalosalicylamides 13 and 14 can also be carried out using LDA as base instead of sBuLi. In this case, an excess of the amide base (1.6 equiv for 1 and 1.3 equiv for 2) was required for complete conversion. [31] To account for this observation it should be considered the high complexity of the LDA-mediated ortho-lithiation and anionic Fries rearrangement of aryl carbamates due to the role of ArLiLDA aggregates, as elegantly established by Collum and co-workers.
[32] 
Conclusions
We have found that the regioselective ortho-lithiation of O-3-halophenyl N,N-diethyl carbamates at the C-2 position can be extended to a wide selection of related carbamates functionalized with an additional halogen atom. The cooperative effect of the meta halide and the carbamate group seems to overcome the disfavored steric effect or competitive ortho directed lithiation of the remaining halide. [33] The intermediate organolithium can be trapped at low temperature with iodine to give high yields of a variety of trihalophenol derivatives that can be further selectively functionalized by Pd-catalyzed crosscoupling reactions. Allowing the reaction mixture to reach room temperature the SnieckusFries rearrangement provides a convenient access to a wide family of new dihalosalicylamides, which are also obtained in high yields. In addition, a selection of highly functionalized arylnitriles has been also synthesized through a tandem transnitrilationSNAr reaction.
Experimental Section
This article is protected by copyright. H-NMR: splitting pattern abbreviations are: s, singlet; bs, broad singlet; d, doublet; t, triplet; q, quartet; sext, sextet; sept, septet; dd, doublet of doublets; td, triplet of doublets; qd, quartet of doublets; m, multiplet; the chemical shifts are reported in ppm using residual solvent peak as reference (CHCl3: δ 7.26; DMSO: δ 2.50).
13
C NMR spectra were recorded at 75.4 MHz or 100.6 MHz using broadband proton decoupling and chemical shifts are reported in ppm using residual solvent peaks as reference (CDCl3: δ 77.16; DMSO-d6: δ 39.51). High resolution mass spectra (HRMS) were recorded on a Micromass Autospec spectrometer using EI at 70 eV. GC-MS and low resolution mass spectra (LRMS) measurements were recorded on an Agilent 6890N/5973 Network GC System, equipped with a HP-5MS column. Elemental analyses were performed on a microanalyzer LECO CHNS-932. Melting points were measured on a Gallenkamp apparatus using open capillary tubes and are uncorrected.
General Procedure for the Synthesis of O-2-Iodo-3,n-dihalophenyl N,N-Diethylcarbamates 6 and 7: A solution of starting carbamate 1 or 2 (0.5 mmol) in THF (2 mL) at -78 ºC under nitrogen, was treated with a solution of s-BuLi (0.39 mL of a 1.4 M solution in cyclohexane, 0.55 mmol, for 1a-f and 2a-d) or LDA (1.2 equiv, for 1g-i and 2e). The reaction mixture was allowed to reach -65 ºC for 5 min, and stirred at this temperature for 90 min. Then, iodine (140 mg, 0.55 mmol) was added and the resulting solution was allowed to stir for 30 min at -65 ºC. The reaction mixture was quenched with HCl (1 N) and the solution was allowed to warm to room temperature. The mixture was diluted with EtOAc and aqueous Na2S2O3 solution and the layers were separated. The aqueous phase was extracted with EtOAc (3  10 mL), and the combined organic layers were dried over anhydrous Na2SO4. The solvents were removed under reduced pressure, and the residue was . The reaction mixture was allowed to reach -65 ºC for 5 min, and stirred at this temperature for 90 min. Then, dimethylmalononitrile (52 mg, 0.55 mmol) was added and allowed to stir at -65 ºC for 15 min. The reaction mixture was allowed to warm to room temperature and stirred overnight. The resulting solution was quenched with saturated aqueous NH4Cl. The aqueous phase was extracted with EtOAc (3  10 mL) and the combined organic layers were dried over anhydrous Na2SO4. The solvents were removed under reduced pressure and the residue was purified by column chromatography (hexane/EtOAc, *one or two words that highlight the emphasis of the paper or the field of the study
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